are also known to infectlivestock. Another faecal sample contained C. parvum IIcA5G3j which 48 has been found previously in hedgehogs, and for which there is one published report in a 49 human, but is not known to affectlivestock. The presence of zoonotic subtypes of C. parvum 50 in British hedgehogs highlights a potential public health concern. Further research is needed 51 to better understand the epidemiology and potential impacts of Cryptosporidium infection in 52
hedgehogs. 53
Keywords: Cryptosporidium parvum, Erinaceus europaeus, European hedgehog, 18S rRNA, 54
gp60. 55 122

Materials and methods 123
Collection of samples 124
From April-June 2014, a single voided faecal sample was collected from each of 108 125 individually housed hedgehogs newly admitted (most within 48 h of admission) to eight 126 geographically dispersed wildlife casualty treatment and rehabilitation centres in Great Britain 127 (Fig. 1) . Maternally-dependent juveniles were excluded from the study. A standardised 128 submission form provided basic information about the individual, including body weight, sex, 129 approximate location found and reason for casualty presentation. Faecal consistency, colour 130 and the presence of blood were recorded. Terminal LI contents were collected from three 131 carcasses of freeliving hedgehogs during post mortem examination as part of the 132
Garden Wildlife Health project (GWH, 2014). 133 134
Samples (minimum 1 g) were stored for up to one week at 4 •C, after which they were stored 135 in 2.5% (w/v) potassium dichromate at 4 •C until processing. Additionally, a sample of small 136 intestine (SI) was examined from a juvenile female hedgehog found in Worcestershire, 137
England, in October 2012 and admitted to wildlife centre G (Fig. 1) . During a period of circa 138 three months in care, the hedgehog received antimicrobial and anthelminthic treatment and 139 fluid therapy. It gained body weight from its admission at 173 g to a maximum recorded value 140 of 411 g whilst in captivity. It had variable appetite throughout its time in care, but deteriorated 141 to become inappetent and latterly anorexic, when it developed abnormal green faeces 142 sometimes described as of 'runny' consistency. The hedgehog progressed to a recumbent state 143 and was euthanased and submitted for post-mortem examination in February 2013. 144
Histopathological examination showed evidence of intestinal cryptosporidiosis. An archived 145 intestinal tract tissue sample (stored at −20 •C) was examined to characterise the 146 Cryptosporidium species involved. 147 148
Faecal processing and DNA purification 149
To recover and enrich oocysts, faecal samples and terminal LI contents were centrifuged at 150 200 × g for five minutes, the potassium dichromate decanted and one gram of faeces subjected 151 to saturated salt flotation (Kuczynska and Shelton, 1999). Four surface aliquots per sample 152 were pooled, washed in phosphate buffered saline (PBS) by centrifugation at 4000 × g for one 153 minute, the sediment re-suspended in 200 l of PBS, boiled for five minutes and centrifuged at 154 10,000 × g for one minute (process adapted from Abe et al., 2002). DNA was extracted from 155 the resulting supernatant using a Qiagen DNeasy Blood and Tissue Kit (Qiagen©, Germany) 156 following the manufacturer's protocol. Samples were stored at −20 •C prior to ethanol 157 precipitation (0.1 volumes sodium acetate, 3 M pH 5.2; 2.5 volumes ice cold 100% ethanol and 158 1 l glycogen as a carrier; centrifugation at 10,000 × g for 15 min; washed in one volume 70% 159 ethanol and re-suspended in 20 l molecular grade water). 160 161 Additionally, DNA was extracted from four 1 cm2 sections of archived SI tract collected from 162 the hedgehog with histological evidence of cryptosporidiosis using a Qiagen DNeasy Blood and 163
Tissue Kit (Qiagen©, Germany) following the manufacturer's instructions for tissue samples. 164 165
Polymerase chain reaction Cryptosporidium detection and genotyping 166
Purified DNA was tested for Cryptosporidium spp. using conventional PCR targeting a ∼300 167 bp region of the Cryptosporidium 18S gene as described elsewhere (Morgan et al., 1997) . C. Statistical analyses were performed using 'R' (version 3.1.0) and significance was assigned 214 when P < 0.05. Possible associations between the presence/absence of Cryptosporidium by 215 18S PCR and the host and location variables sex, centre from which the sample originated, 216 apparent health status and faecal appearance, were tested by Fisher's exact test and mean 217 body weight by Welch's t-test. The distribution of the sampling centres was mapped (QGIS 2.4; 218 www.qgis.org) to demonstrate the sample and Cryptosporidium spp. and genotype distribution. 219 220 3. Results 221
Post-mortem examination 222
Post-mortem examinations were performed on three hedgehogs from which LI contents were 223 collected for testing; two had been euthanased with traumatic injuries apparently caused by 224 predation while the third had a disseminated bacterial infection which was considered to be the 225 cause of death. No other significant abnormalities were detected. The juvenile female 226 hedgehog that was euthanased in a wildlife centre was in good body condition with ample fat 227 deposits. Macroscopic examination revealed subcutaneous oedema and visceral congestion. 228
Light microscopic examination of a saline-mount direct preparation of SI contents was negative 229 for metazoan parasites. Microbiological examination of the liver and SI contents yielded no 230 significant isolates. Histological examination revealed non-suppurative meningo-encephalitis 231 and localised jejunal cryptosporidiosis. Numerous round bodies (2-3.5 m diameter and 232 morphology characteristic of Cryptosporidium sp. parasites) were adherent to the intestinal 233 epithelium and free within the lumen. These were associated with blunting and shortening of 234 the villi in which there was interstitial oedema and a plasmalymphocytic inflammatory cell 235 infiltrate (Fig. 2) . Sparse parasitic infection was observed in a second SI section, whilst no 236 evidence of infection was observed in three other sections of different regions of the small 237 intestine. 238 239
Detection of Cryptosporidium in hedgehogs by PCR 240
Based on 18S PCR amplicon sequencing, nine of the 111 (8%; 95% CI: 3-13%) faecal and LI 241 contents samples were positive for C. parvum; all were from hedgehogs <48 h in captivity. The 242 SI tissue sample from the hedgehog examined post mortem which had been in captivity for 243 circa three months was also positive. 244
No significant association was found between being positive for Cryptosporidium and any of 245 the host and location variables examined (see Supplementary Table 1) . 246
247
Of the 10 samples found to be positive using 18S PCR, seven (six faecal, one SI tissue) were 248 also positive using gp60 PCR. Six gp60 PCR products were assigned to subtype family IId by 249
BLASTn. Three different IId subtypes were identified (IIdA17G1, IIdA19G1, IIdA24G1). The 250 seventhgp60 PCRproduct,froma faecal sample, was assigned to subtype family IIc, identified 251 as subtype IIcA5G3j. The locations at which these different subtypes occurred are shown in 252 Fig. 1 . The sequences generated in this study have been submitted to GenBank with the 253 accession numbers LN714778-87 (18S) and LN714788-94 (gp60). 254 255
Phylogenetic analysis 256
TheML tree for the gp60 gene (see Supplementary Fig. 1 ) showed that six of the seven 257 other species, such as cattle, cryptosporidiosis is usually more common in juveniles than in 297 adults (Constable, 2010 ). In the current study, sample collection was from maternally-298 independent hedgehogs newly admitted to the participating wildlife centres without further 299 selection criteria. including the subtype IIcA5G3j (GenBank Accession GQ259136), also identified in the current 323 study. In the United Kingdom, this subtype has previously only been reported from humans 324 (Chalmers et al., 2011b) . The current study found no evidence of C. erinacei in British 325
hedgehogs. This could relate to the small sample size, and further examination may reveal the 326 presence of this parasite in the future. Alternatively, this could be due to parasite evolutionary 327 divergence between Great Britain and mainland Europe. We found no evidence of an 328 association between Cryptosporidium infection and any of the host or location variables tested. 329
Histological evidence of localised cryptosporidiosis in a hedgehog infected with C. parvum 330 subtype IIdA17G1 indicates that this subtype, at least, can cause disease in some animals. 331
Since this hedgehog had been kept in captivity for a period of circa 3 months and had 332 concurrent disease (meningoencephalitis), it was considered likely to have been in an 333 immunocompromised state. Previous reports of cryptosporidiosis, some fatal, have been 334 
